The understanding of the existence of critical velocity in superfluid 4 He and its microscopic nature is a long-standing problem which also closely related to superfluid turbulence [1, 2] . The critical velocity in a superfluid is the threshold above which the flow of the superfluid component becomes dissipative and the property of superfluidity is lost. The first well known criterion for critical velocity, v c = min ε(p)/p where ε(p) is the energy spectrum of the elementary excitations at momentum p, was proposed by Landau [3] . This criterion yields the value v c ≃ 60 m/s which does not depend on capillary parameters. The Feynman criterion [4] , following Onsager, is based on the quantization of superfluid circulation and defines the velocity v c ≃ (h/md)ln(d/a) at which the vortices can be excited. Here d is the channel size and a ≃ 4Å is the vortex core radius. These two different criteria can differ greatly from experimental data [5] ; however, the Feynman estimation is much closer to experimental values. The difficulty in this problem also arises due to the existence of different breakdown mechanisms of the superfluidity [5, 6, 7] . Among the several problems associated with critical velocity the type of elementary excitation which would be responsible for the onset of dissipation and for a critical velocity in the superfluid plays an important role. In Feynman's approach such elementary excitations are vortices excited in the superflow of the channel [4] .
We study in this letter the existence of the critical velocity in superfluid 4 He when the normal fluid does not influence the superfluid flow. The most efficient method of preventing the normal fluid from interfering with the flow is by introducing superleaks at the ends of the capillary [8] . The narrow paths in the fine powder act as solid walls to the normal fluid and prevent it from entering the flow region. As soon as the normal component is sufficiently suppressed by application of superleaks in the He II flow path between parallel plates or in a capillary it is found that the experimental results are well described by the temperature independent critical velocity v c ∝ d −1/4 [9, 10, 11, 12, 13] Our explanation of this relation for v c is based on the cluster model of the roton [14, 15] in liquid 4 He. It was shown in [14, 15] that the roton is an excitation of a cluster of 13 atoms having a central atom surrounded by a shell of 12 atoms situated at the vertices of a regular icosahedron, although in this picture each atom can deviate about its location in the cluster.
We show that rotational excitations of the roton cluster of 13 atoms in the superflow are the elementary excitations responsible for the onset of dissipation and hence for a critical velocity in the superfluid for a range of capillary widths d. 
. This type of turbulence differs considerably from the quantum turbulence when the normal fluid is not suppressed [1, 2] and, in particular, the critical velocity by Feynman criterion in this case leads to a value about three orders smaller than was found in the experiments [13] at d ≃ 1 cm for normal mass density ρ n ≪ ρ.
The Schrödinger-type equation for the wavefunction Ψ(a 1 , a 2 , a 3 , t) describing the roton cluster in the space of ellipsoidal parameters a k (k = 1, 2, 3) as a complete system of N c bound atoms is [14, 15] :
where M 0 is the effective mass of the roton cluster and G is an interaction constant given by
For spherically symmetric roton states (ā k =ā) the frequency
whereā is the effective radius of the roton cluster and a 0 = 2.2Å is the s-scattering wavelength of 4 He atoms:ā = 3N c m 4πρ
Here ρ is the mass density of liquid helium and the s-scattering wavelength is calculated by 
Here
are the quantum numbers of a 3D quantum harmonic oscillator. In the spherically symmetric case Eq. (1) yields the eigenfrequencies Ω k as
In the general case rotational quantum states of the roton clusters can also be excited. If an inequality ξ = B c /hω ≪ 1 is satisfied where B c =h 2 /2I c is the rotational constant and I c is the moment of inertia of the roton cluster, then for small vibrational quantum numbers n k and small angular momentum quantum numbers J the eigenenergies of the roton are
This equation comes from standard quantum mechanical methods in Eq. (1) as developed for rotational-vibrational molecular spectra. In this general case the number of atoms N c in the roton cluster satisfies the condition [15]
where ∆ is the roton gap defined by the parameters ǫ = −U(r m ) and ǫ 0 = −U(2a 0 ). Here r m = 2 1/6 r 0 is the distance for which the intermolecular potential energy U(r) has a minimum and 2a 0 is the mean distance between helium atoms in the liquid 4 He. A self-consistent-field
Hartree-Fock method [16, 17] 
Because we assume ξ ≪ 1, the term B c J(J + 1) can be neglected and from Eqs. (3, 4, 9) follows that the integer number N c is given by
where α = (∆ 0 /∆) 6 , and the parameter ∆ 0 is
The smallest solution to Eq. (10) is N c = 13.1 [15] in a symmetric vibrational state with n 1 = n 2 = 0 and n 3 = 1, hence the most stable roton clusters should be those consisting of 13 helium atoms. We note that for roton clusters with N c = 13, ξ = O(10 −2 ) andā = 5.22Å.
The kinetic energy flow density of the superfluid between parallel plates for the case when there is no normal fluid in superfluid flow (ρ n = 0) is
where S = Ld is the area of the cross section and ρ = ρ s . Let us consider 1D geometry (the width of the plates L is much greater then the distance d between plates); then the kinetic energy flow per unit length along the width of the parallel plates is given by f = F d or in the limit L → ∞:
The function f has such a form only for v s ≤ v c because when the velocity of the flow is greater then v c the onset of dissipation occurs in the liquid 4 He. Hence the critical value of f given by f c = ρv 
where Q is a new unknown function of three independent variables ρd, ε r andh. It can be
shown by dimensional analysis that there exists a unique function Q of the variables ρd, ε r andh which has the dimensionality cm s −1 . This function has the form Q = γ(ρd) n ε k rh l where γ is a dimensionless parameter and the unique powers are: n = −1/4, k = 3/4 and l = −1/2. Hence, the general relation given by Eq. (14) yields the unique equation
where the constant parameter Γ has an explicit form: 
We emphasize that the Eq. (15) coincides with the known empirical relation [9, 10, 11, 12, 13] for critical velocity in the case when the normal component is sufficiently suppressed by application of superleaks. Moreover, the explicit expression given by the Eq. The experiment also demonstrated the temperature dependence of the critical velocity [13] showing that v c dropped suddenly to zero above about temperature T 0 = 2 K and below 
where the coupling constant G = 4π ∞ 0Ũ (r)r 2 dr = 1.79 · 10 −37 g cm 5 s −2 . We note that the parameter G significantly differs from the coupling parameter g = 4πa 0h 2 /m = 4.63 · 10 −38 g cm 5 s −2 in Gross-Pitaevskii equation for dilute helium gas [20] . Using the field operator in the formψ(r, t) = ψ s (r, t) +ψ n (r, t) where ψ (r, t) = ψ s (r, t) and ψ n (r, t) = 0 we may write the full mass density of the liquid helium as the sum ρ = ρ s + ρ n with ρ s (r, t) = m|ψ s (r, t)| 2 , ρ n (r, t) = m ψ † n (r, t)ψ n (r, t) .
We consider the case ρ n ≪ ρ s ; then in the dynamic Popov approximation [21] the anomalous density ψ nψn and the three-field correlation function ψ † nψ nψn can be neglected in an equation for macroscopic wavefunction ψ s (r, t):
The Heisenberg equation also yields the linearized equation for the field operatorψ n (r, t) as
The homogeneous solution of Eq. (17) at ρ n ≪ ρ s is ψ h s = ψ s0 exp(−iµt/h) where µ = G|ψ s0 | 2 is the effective chemical potential and ψ s0 = ρ s0 /m exp(iΦ 0 ) is the constant amplitude. In this case the solution of Eq. (18) for the field operatorψ n (r, t) iŝ
k are the annihilation and creation Bose operators for excitations in liquid 4 He and ω(k) is given by:
Here c = √ Gρ s0 /m is the velocity of sound in He II, ρ s0 = ρ[1 − (T /T λ ) 5.6 ] is the density of the superfluid component of the liquid 4 He assuming thermodynamic equilibrium [19] , and T λ = 2.18 K is the critical temperature. As an example for T = 1.1 K, c = 2.4 · 10 4 cm/s.
The Bogoliubov's type spectrum in Eq. (19) for acoustic waves excited around the constant density ρ s0 at wavenumbers k < k 0 is close to the linear spectrum ω(k) = ck coinciding with the experimental data for the phonon spectrum in He II [22] when T ≪ T λ (ρ n ≪ ρ s ). This solution for the field operatorψ n (r, t) yields the effective Hamiltonian in the diagonal form
kĉ k which at wavenumbers |k| < k 0 describes the phonon excitations. The Eq. (17) 
Here R = mvd/2πh is the dimensionless number characterizing the flow of the superfluid 4 He in the channel. Using Eq. (18) one obtains further equations for ρ ′ n . These are found also to depend only on R and no other parameters. Thus R, the "quantum Reynolds number" is the unique dimensionless variable parameter completely characterizing the flow. 
The critical distance d c is the boundary point on the curves given by Eq. (15) and Eq. (22), which yields the critical number R c as
The experimental value [13] 
